Abstract. The aim of the present study was to investigate the correlation between a lack of folic acid and the abnormal expression of microRNA (miR)-203 and miR-375 in cervical cancer. In total, 60 tissue samples of cervical intraepithelial neoplasia (CIN) or stage IA-IIA cervical cancer (study group), and 30 samples without soluble interleukin or malignancy (control group) were examined. The expression of miR-203 and miR-375 was detected using reverse transcription-quantitative polymerase chain reaction (RT-qPCR), and the difference in expression levels was quantified using the 2 -ΔΔCq method. In addition, CaSki cervical cancer cells were cultured in vitro and treated with various concentrations of folic acid. The DNA methylation states of miR-203 and miR-375 were subsequently detected by methylation-specific PCR, and the expression levels were evaluated using RT-PCR. miR-203 and miR-375 were significantly downregulated in CIN and cervical cancer tissues, compared with the control group. There was a marked difference in terms of the expression levels of miR-375 between the two groups (P<0.05). In CaSki cells, as the concentration of folic acid increased, the positive rate of DNA methylation of miR-203 and miR-375 decreased, while the expression levels of miR-203 and miR-375 demonstrated a gradual increase, which indicated that the latter two parameters were negatively correlated (P<0.05). Compared with normal cervical tissue, the expression levels of miR-203 and miR-375 were downregulated in CIN and cervical cancer. Methylation of these two miRs was apparent in CaSki cells, and was associated with a lack of folic acid. Therefore, reduced levels of folic acid, leading to increased methylation of miR-203 and miR-375, may be significant events during cervical carcinogenesis.
Introduction
Cervical cancer is one of the most common malignancies in women worldwide, and remains one of the leading causes of cancer-associated mortalities globally (1) . Epidemiological studies show that human papillomavirus (HPV) infection, in particular HPV16, is relevant in the onset of cervical cancer (2) . However, an increasing body of evidence has indicated that the occurrence of cervical cancer is a result of the combined action of multiple factors, since the incidence of HPV infection in women of childbearing age is higher, but the incidence of cervical cancer is lower among these patients (3) . Therefore, HPV infection is not the only factor involved in the development of cervical cancer (4, 5) . Following infection with high-risk HPV, cervical cancer develops through precancerous lesions termed cervical intraepithelial neoplasia (CIN), and eventually progresses to invasive cervical cancer. To the best of our knowledge, the molecular mechanisms underlying the progression of HPV infection to cervical cancer largely remain to be elucidated.
Previous studies have demonstrated that the deregulation of microRNAs (miRs) contributes to the process of cervical carcinogenesis (6) . miRs are small non-coding RNA molecules that are able to bind to the 3'-untranslated region of their target messenger (m)RNA, thus regulating the stability and translation of mRNAs, which results in the inhibition of translation or degradation of the target mRNA (7) . Due to their ability to alter the expression of protein-coding oncogenes and tumor suppressor genes, miRs are proposed to have a significant role in cancer development (8) . Similar to various growth-suppressive protein-encoding tumor suppressor genes, certain miR genes harbor CpG islands, which are susceptible to methylation-mediated silencing (9, 10) . Therefore, hypermethylation-mediated silencing of tumor-suppressive miRs may be an important mechanism of tumorigenesis (11) .
Folate is a methyl donor during the methylation cycle, which ensures the maintenance of adequate cellular levels of S-adenosylmethionine for its use in biological methylation reactions, including DNA methylation (12) . Thus, folic acid deficiency may prevent normal methylation of epigenetically regulated genes (13) . A number of previous studies have reported that folate levels are inversely associated with the risk of developing cervical cancer through the hypermethylation of CpG islands in certain tumor suppressor genes (14) (15) (16) . However, to the best of our knowledge, methylation-mediated transcriptional repression of miRs regulated by folic acid has not been previously investigated in cervical cancer. Investigation of miR methylation provides a novel approach and insight for evaluating new molecules and mechanisms of progression in cervical cancer.
To evaluate the potential role of folate-associated miR methylation during the progression of CIN to cervical cancer, the present study assessed the expression of miR-203 and miR-375 in a range of tissues obtained from normal, CIN and cervical cancer cases. The population study and the experiments in cells demonstrated that folic acid is involved in the methylation of the CpG islands of miR-203 and miR-375. The results of the present study contribute to the understanding of the potential mechanism of cervical carcinogenesis induced by folate deficiency, which may lead to novel strategies for the prevention of CIN progression to cervical cancer. (19) . Normal cervical tissues from the same period were obtained from the complete uterine hysterectomy practices on the patients.
Materials and methods

Patients
All participants were Han Chinese and had been living in Shanxi for >5 years, and their diagnoses were confirmed by two pathological examinations. Participants with nutritional megaloblastic anemia, hemolytic disease, leukemia, liver disease, other tumors or who had been administered B vitamins within the 3 months prior to the study, were excluded. None of the patients received radiotherapy or chemotherapy prior to surgery. Upon obtaining written informed consent from all participants, uterine cervix tissue samples were obtained from the participants who underwent hysterectomy or biopsy under colposcopy, and immediately stored at -80˚C. The present study was conducted in accordance with the Declaration of Helsinki, and was conducted with approval from the Ethics Committee of The Second Hospital of Shanxi Medical University (Taiyuan, China).
Cell culture. CaSki cervical cancer cells were purchased from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China), and preserved in the Department of Obstetrics and Gynecology of The Second Hospital of Shanxi Medical University. Cells were cultured in RPMI-1640 medium (Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10% (v/v) fetal bovine serum (Sijiqing; Zhejiang Tianhang Biotechnology Co., Ltd.; Huzhou, China) in a humidified 5% CO 2 incubator at 37˚C. Folic acid (Sigma-Aldrich, St. Louis, MO, USA) was used at final concentrations of 1, 10, 100, 250, 750 and 1,000 µg/ml. The cancer cell line was seeded (3x10 5 cells/well) into 6-well plates (Corning Incorporated, Corning, NY, USA), and incubated overnight. Subsequently, cells were treated with folic acid at the aforementioned concentrations for 48 h. Following 48 h of incubation, cells were harvested and used in subsequent experiments.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
RNA was isolated from patients' tissues using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol, and the quantity and concentration of RNA were spectrophotometrically assessed (NanoDrop™ 2000; Thermo Fisher Scientific, Inc.) by ethidium bromide visualization (Sigma-Aldrich) of 28S and 18S ribosomal (r)RNA. The absorbance (A) 260 /A 280 ratio was determined to be in the 1.9-2.2 range, indicating no contamination (protein contamination, <1.9; DNA contamination, >1.9; NanoDrop™ 2000; Thermo Fisher Scientific, Inc.). For miR quantification, the Qiagen OneStep RT-PCR kit (Qiagen GmbH, Hilden, Germany) was used. Each RT reaction consisted of 2 µl total RNA, mixed with 1.2 µl primers, 10 µl 2X buffer, 0.2 µl Moloney murine leukemia virus reverse transcriptase and 6.5 µl diethylpyrocarbonate-treated water in a final volume of 20 µl, and was incubated at 42˚C for 30 min, 85˚C for 10 min and maintained at 4˚C. DNase (Sigma-Aldrich) was used for degrading DNA. RT-qPCR was conducted in a StepOnePlus™ Real-Time PCR system (Thermo Fisher Scientific, Inc.) using SYBR Premix Ex Taq II (Tli RNase H Plus) (Takara Biotechnology Co., Ltd., Dalian, China). PCR was performed using the EpiTect Fast DNA Bisulfite kit (Qiagen GmbH). Each PCR reaction contained 20 µM forward primer, 20 µM reverse primer, 10 µl PCR Master Mix, 0.4 µl Taq DNA polymerase (2.5 U/µl), and double distilled (dd)H 2 O to a final volume of 20 µl. The PCR conditions were as follows: An initial cycle at 95˚C for 3 min, followed by 40 cycles at 94˚C for 12 sec and 40 sec at 62˚C. Primers were designed using the online bioinformatics tool MethPrimer (www.urogene.org/methprimer). The primers, whose sequence appears in Table I , were synthesized by Jima Corp. (Shanghai, China). The 2 -ΔΔCq method (20) was used to determine the relative quantification of miR expression in the tissue samples. The levels of miR expression were normalized to the expression levels of 5S rRNA and represented as fold-change.
Methylation-specific PCR (MSP). MSP consists of two different
PCRs that amplify a bisulfite-treated DNA sample using primers that are specific for methylated or unmethylated sequences (21) . MSP was performed using the EpiTect MSP Kit (Qiagen GmbH). The MSP reactions consisted of 0.35 µM Statistical analysis. Statistical analysis was performed with SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). GraphPad Prism (GraphPad Software, Inc., La Jolla, CA, USA) was used to draw graphs in Fig. 1 and 3 . Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA) was used to draw graphs in Fig. 2 and 4 . Comparison between multiple sets of quantitative data was performed using single factor (also known as one-way) analysis of variance (ANOVA), while multiple comparisons between groups were performed using Fisher's least significant difference t test. Methylation rates were compared with χ 2 test, and Pearson correlation test was used for correlation analysis. The experiments were all repeated three times. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of miR-375 and miR-203.
To identify whether miR-375 and miR-203 were potentially involved in the severity of cervical lesions, total RNA was isolated from normal tissues [which served as the negative control (NC)], CIN and SCC tissues. Using RT-qPCR, the expression of miR-375 and miR-203 was detected in NC, CIN and SCC tissue samples. Notably, the relative expression levels of miR-375 and miR-203 significantly differed between the NC, CIN and SCC groups (P<0.001; Table II ). Furthermore, miR-375 and miR-203 demonstrated lower expression in CIN and SCC, compared with NC.
Effects of folate on miR-375 and miR-203 expression.
CaSki cells were treated with increasing concentrations of folate (1, 10, 100, 250, 750 and 1,000 µg/ml). The expression levels of miR-375 and miR-203 in CaSki cells were detected by RT-qPCR following treatmen t with folate. The results revealed that there was a significant difference in the expression levels of miR-375 and miR-203 in CaSki cells at various folate concentrations (one-way ANOVA; P<0.001) (Fig. 1) . As indicated in Fig. 2 Fig. 3A and B, respectively) .
Correlation analysis. Statistical analysis revealed that the expression levels and the methylation status of miR-375 and miR-203 were negatively correlated (r 2 =0.788, P<0.001; r 2 =0.875, P<0.001; Fig. 4A and B, respectively).
Discussion
Cervical cancer is the second most aggressive type of malignant tumor, and causes serious damage to women's health (22) . Each year, there are ~150,000 newly diagnosed cases of cervical cancer in China, which accounts for almost 1/3 of the total cases worldwide (12) . Previous studies have identified that the occurrence of cervical cancer is associated with HPV infection, but is additionally influenced by other biological events (23) . miR alterations have been demonstrated to have a significant role in various steps of tumor formation and progression (13) . Similar to certain growth-suppressive protein-encoding tumor suppressor genes, certain miR genes harbor CpG islands, which are susceptible to methylation-mediated silencing (24) . Therefore, hypermethylation-mediated silencing of tumor-suppressive miRs may be an important mechanism of tumorigenesis. To the best of our knowledge, only a small number of studies have investigated the methylation status of selected miRs, including miR-203 and miR-375, in cervical cancer (25) . The present study evaluated the expression of miR-203 and miR-375 in a range of tissues obtained from normal, CIN and cervical cancer cases, with the aim of determining their expression levels in uterine cervix premalignant and malignant lesions.
miR-203 has been reported to suppress cancer cell proliferation and invasion (26) . miR-203 is downregulated in several types of cancer, including hematopoietic tumors (27) . In the cervix, Cheung et al (24) conducted the first comprehensive miR expression profiling study in tissues from normal cervical epithelium (n=9) and high-grade CIN (stage II, n=12 and stage III, n=12) tissues, in order to identify miR candidates with potential future clinical applications from a pool of 202 miRs.
The results demonstrated that miR-203 may be useful to distinguish high-grade CIN specimens from normal cervical epithelium (lower-bound of fold-change >2; P≤0.05) (28) . However, Gocze et al (29) used PCR to detect the expression of 8 different miRs in cervical cancer tissues, and observed that the expression levels of miR-203 were significantly higher in cervical cancer tissue samples, compared with normal tissues. Therefore, the expression of miR-203 in cervical cancer remains under debate. In the present study, it was observed that the expression levels of miR-203 in CIN and cervical cancer tissues were lower, compared with that of normal cervical tissue. The results of the present study were consistent with previous studies with regard to the global expression pattern of miRs in cervical dysplasia and cancer (30) . Melar-New and Laimins (31) demonstrated that the E7 protein of high-risk HPV was able to block differentiation-induced miR-203 upregulation in human keratinocytes via the mitogen-activated protein kinase/protein kinase C signaling pathway. Greco et al (32) revealed that the E5 protein of high-risk HPV downregulated the expression of miR-203, and therefore may have a significant role in HPV infection and subsequent transformation through complex regulatory patterns of ΔNp63 expression in the host cells. These previous observations may aid to explain the downregulation of miR-203 observed in the present study.
Alhough miR-375 has primarily been studied in the context of diabetes, as it influences β-cell mass and insulin levels, its expression has also been demonstrated to be decreased in several malignancies (33) . Wang et al (34) used stem-loop RT-qPCR to detect the expression levels of miR-375 in cervical cancer tissues (170 cases) and normal cervical tissues (68 cases). The authors observed that, compared with normal cervical tissues, the expression levels of miR-375 in cervical cancer tissues were 4.45 times lower, and closely associated with poor prognostic factors of cervical cancer (34) . Additional studies revealed that miR-375 expression was upregulated in cervical cancer cells following paclitaxel treatment in vitro, and in tissues following paclitaxel combination chemotherapy (35) , which may be induced directly by targeting E-cadherin (36) . However, to the best of our knowledge, the expression of miR-375 in cervical precancerous lesions has not been reported thus far. The results of the present study indicated that, compared with the control group, the expression levels of miR-375 in the CIN group were markedly decreased, suggesting that low expression levels of miR-375 may be involved in the process of carcinogenesis. miR expression may be reduced by several factors, including transcriptional factors, mutations, deletions and methylation (37) . However, the mechanism of downregulation of miR-203 and miR-375 in cervical cancer remains to be elucidated. Previously, Wilting et al (38) used MSP to analyze a cell line panel representing various stages of HPV-induced transformation, and revealed an increase in methylation of miR-203 and miR-375 with progression to malignancy. Furthermore, the expression of these miRs was restored following treatment with a demethylating agent (38). Additional experiments confirmed that the methylation levels of miR-203 and miR-375 were also significantly increased in high-grade CIN and cervical cancer samples, compared with normal tissues (38).
To the best of our knowledge, methylation-mediated transcriptional repression of miR-203 and miR-375 regulated by folic acid has not been previously reported for cervical cancer. In mammals, folate is directly involved in DNA methylation by providing methyl groups (39) . Therefore, the biological association between folate and methylation suggests that the influence of folate in cervical carcinogenesis may be associated with the alteration of miR expression via methylation of miR's CpG islands (40) . To verify this hypothesis, the present study additionally examined the effect of elevated folate levels on the methylation rates of miR-203 and miR-375, and observed that with increasing folate levels in cervical cancer cells, miR-203 and miR-375 methylation decreased, while the expression of miR-203 and miR-375 increased. In addition, the methylation rate of the CpG island in miR-203 and miR-375 and the expression levels of miR-203 and miR-375 were highly negatively correlated, further confirming that the downregulation of miR-203 and miR-375 in the process of cervical carcinogenesis is associated with the high methylation rate of miR-203 and miR-375, which may be caused by a lack of folic acid. In summary, to the best of our knowledge, the present study reports for the first time that folate deficiency may induce cervical carcinogenesis. Folate deficiency downregulates miR-203 and miR-375 expression via methylation of their CpG islands. However, the association between folate, methylation of miRs and cervical cancer remains to be fully elucidated, and the function and mechanism of these various components requires validation in future studies.
